Abstract. The purpose of the study was a comparative analysis of the burden of lung cancer in urban and rural areas in the Świętokrzyskie Province in the years 1999-2010. The material for the study accounted for information about the number of new cases of lung cancer obtained from the Świętokrzyskie Cancer Registration Office in Kielce and data from the Central Statistical Office concerning the number of deaths due to lung cancer in the years 1999-2010. Crude and age-standardized incidence, mortality, and potential years of life lost rates were calculated separately for groups of men and women in urban and rural areas. A comparative analysis of coefficients in urban and rural areas based on Rate Ratio (RR) and Rate Difference (RD) was performed by using the Health Disparities Calculator. The average annual incidence of lung cancer among men was 18% lower in the urban population than in the rural, while the mortality rate was 16% lower. For women, the incidence and mortality rates were higher in urban areas as opposed to rural areas -by 48% and 54% respectively. The comparative analysis of the burden of lung cancer showed great diversity between urban and rural populations in the Święto-krzyskie Province.
Introduction
Lung cancer has been the most frequently occurring cancer in the world for a few decades. In 2012 alone, 1.8 million new cases were noted, and it is estimated that it is also responsible for 1/5 of cancer deaths (Ferlay et al., 2012) .
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In Poland, lung cancer is the most common cancer among men and one of the most common cancers among women. It is also the main cause of cancer death, among both men and women (Wojciechowska et al., 2014) .
Inequalities in health status are an important problem for many societies (Lipowicz, 2015; Whitehead et al., 2007) . The main factors responsible for their formation are poverty, unemployment, risks in the workplace, education level, availability of health care and place of residence (urban-rural) . Human behaviors, such as smoking, consumption of alcohol, physical activity and eating habits also play an important role. In Poland, one of the inequalities in health is the variation observed in the burden of cancers dependent on place of residence (urban-rural) (World Health Organization Regional Office for Europe, 2012) . Wherefore in the National Health Programme for the years 2007-2015 (2007) , reducing social and territorial differences in the health condition of the population was assumed as one of the strategic objectives. The analysis of differences in incidence, mortality, and potential years of life lost due to lung cancer between urban and rural areas is an important tool in assessing activities aimed at eliminating inequities in health.
The purpose of the study was a comparative analysis of the burden of lung cancer in urban and rural areas in the Świętokrzyskie Province in the years 1999-2010.
Materials and Methods
The material was based on data on the number of new cases of lung cancer registered in the urban and rural populations in the Świętokrzyskie Province in the years 1999-2010, which was obtained from the Świętokrzy-skie Cancer Registration Office in Kielce (CR). Data on the number of lung cancer deaths in the urban and rural populations, in the same years, were obtained from the Central Statistical Office (CSO) (Główny Urząd Statystyczny, 2015) . Data concerning cancer of the trachea, bronchus, and lung were extracted from both databases using the code C33-C34 according to the 10th revision of the International Classification of Diseases (ICD-10) (World Health Organization, 2004) .
"Urban area" was defined as an area having the status of town, established in accordance with the relevant legal act (Ustawa z dnia 29 sierpnia 2003 r. o urzędowych nazwach miejscowości i obiektów Fizjograficznych, 2003) . Place of residence in the incidence analysis was defined by the CR in Kielce and in the mortality analysis by the CSO pursuant to (Główny Urząd Statystyczny, 2015) .
An annual number of new lung cancer cases and lung cancer deaths were calculated separately for men and women, in both urban and rural populations. Crude and standardized incidence, mortality, and potential years of life lost rates, according to the World Standard Population, were calculated and expressed per 100,000 persons at risk. Potential years of life lost (PYLL) were calculated using the method proposed by Romeder et al. (1977) , according to which premature mortality was defined as death before 70 years of age. The calculations were made according to the formula:
where -70 is the cut-off age before the occurrence of death, -i is the average number of potential years of life lost due to causes of death registered for the given age group (e.g. 42.5 years for the age group 25-29), -d i is the number of deaths in i age group.
A comparative analysis of coefficients in the urban and rural populations was performed using the Health Disparities Calculator (Version 1.2.4) (National Cancer Institute, Division of Cancer Control and Population Sciences, Surveillance Research Program and Applied Research Program, 2013) developed by the US National Cancer Institute. The program enables the assessment and monitoring of health inequalities as well as the examination of trends of inequality among the compared groups. It allows one to generate four absolute and seven relative measures illustrating the differences in health that may be affected by such characteristics as race, ethnicity, income, education or place of residence. The results are displayed as tables and charts, which may be exported for use in other applications (Breen et al., 2014) .
The comparative analysis of coefficients in the urban and rural areas was made based on Rate Difference (RD) (absolute measure) and Rate Ratio (RR) (relative measure). They are recommended for pairwise comparisons.
Rate Difference is a simple arithmetic difference between two indicators that reflects the state of health of the compared groups. A Rate Difference value equal to 0 means there is no difference between the groups that were compared, and it is expressed in the same units as r 1 and r 2 .
Rate Ratio is the quotient of the two indicators reflecting the health status of compared groups. A Rate Ratio value equal to 1 indicates no difference between the compared groups. The calculations were made according to the formulas:
where r 1 and r 2 are indicators of health status in two social groups: -r 1 is the incidence rate, mortality rate, or PYLL rate in the urban areas, -r 2 is the incidence rate, mortality rate, or PYLL rate in the rural areas, and is the reference group.
To determine statistical significance, standard errors and 95% confidence intervals (CI) for the indicators' inequalities were estimated at each time point (Harper et al., 2005 (Harper et al., , 2007 . The calculations were made according to the formula:
where: -SE r 1 is the standard error of incidence rate, mortality rate, or PYLL rate in urban areas, -SE r 2 is the standard error of incidence rate, mortality rate, or PYLL rate in rural areas (the reference group), -r 1 is the incidence rate, mortality rate, or PYLL rate in urban areas, -r 2 is the incidence rate, mortality rate, or PYLL rate in rural areas.
The standard errors for crude rates of incidence, mortality and PYLL were calculated according to the formula:
where: -d is the number of incident cases, deaths, or potential years of life lost, -n is the population size.
The Use of the Health Disparities Calculator in Analysis of...
For age-standardized rates, the standard error was calculated according to the formula (Esteve et al., 1994) :
where: -k x is the number of cases, deaths, or potential years of life lost for the x th age group, -m x is the population size in each age group x, -w x is the structure of the standard population by age for the x th age group.
The Joinpoint model was used to analyze time trends on the basis of the linear regression model, in which the natural logarithm of incidence or mortality or PYLL rate was a dependent variable, and the calendar year was an independent variable (y = a + bx, where y = ln(incidence or mortality or PYLL rate), x = calendar year). Annual percent changes (APCs) of incidence, mortality, and PYLL rates were determined. To determine the statistical significance of APCs, a 95% confidence interval was adopted in the analyzed period (Kim et al., 2000) . The Joinpoint Regression Program (Version 4.1.1.
3) was used to analyze trends and APC values (National Cancer Institute, Statistical Research and Applications Branch, 2014).
Results
As presented in Table 1 , the incidence of lung cancer for men was observed to be decreasing in urban (APC = −3.9% [95% CI: −5.5; −2.3]) and rural areas (APC = −2.3% [95% CI: −3.1, −1.5]) from 1999-2010. Tables 3 and 4 present that the level of incidence for men was higher in rural than in urban areas. The urban/rural ratio for ASR was, on average, 0.82 [95% CI: 0.70; 0.97]; the urban-rural difference was −13.1 [95% CI: −24.1; −2.1].
For women, an increase in the incidence of lung cancer was reported in urban areas, on average by 0.4% per year [95% CI: −2.0; 2.8]. In rural areas, the average annual growth was 3.9% [95% CI: 0.9; 7.1) (Table 2). The level of incidence for women was higher in urban than in rural areas. The urban/rural ratio for ASR was on average 1.48 [95% CI: 1.04; 2.13] (Table 3) ; the urban-rural difference was 4.7 [95% CI: 0.5; 8.9] (Table 4) . Figures 1 and 2 present trends of inequality in the incidence of lung cancer between urban and rural areas for men and women. In 2010, as opposed to 1999, a 287.5% increase in inequality was reported for men, while for women there was a 14.5% decrease.
In the Świętokrzyskie Province, a systematic decline in mortality among men was observed both in urban and rural areas. The average annual decrease was up to 2.0% [95% CI: −3.6, −0.3] in urban areas and 1.0% [95% CI: −2.1, 0.2] in rural areas. The opposite trend was observed for crude rates (Table 1 ). In the analyzed period, the incidence rate was, on average, 16% lower in urban areas than in rural areas (urban-rural difference was 10.7 deaths/10 5 men -the difference was statistically significant) (Tables 3 and 4) .
Amongst women, there was a systematic increase in mortality rates both in urban areas and (APC = +2.5% [95% CI: −0.2, 5.2]) in rural areas (APC = +5.3% [95% CI: 1,9; 8,9]) ( Table 2 ). The mortality rate was on average 54% higher in urban areas than in rural areas (urban-rural difference was equal to 4.2 deaths/10 5 women). These differences were statistically significant (Tables 3 and 4) .
Figures 3 and 4 illustrate trends of inequality in lung cancer mortality for both sexes, again presenting both urban and rural areas. In 2010, there was a 26.2% increase in inequality in the burden of mortality between men from urban and rural areas in relation to 1999, and a 107.1% increase was reported for women.
In 2010, the male population was characterized by a systematic decline in PYLL rate values in urban (APC = −4.8% [95% CI: −6.2; −3.4]) and rural areas (APC = −3.1% [95% CI: −4.6, −1.5]) (Table 1) . Tables 3 and 4 illustrate that the level of PYLL for men was higher in rural than in urban Table 2 ). In 2010, the level of PYLL amongst women was higher in urban than in rural areas. The urban/rural ratio for ASR was 1.49 [95% CI: 1.30; 1.71] (Table 3) , and the urban-rural difference was 34.0 [95% CI: 22.8; 45.2] (Table 4) .
Figures 5 and 6 present trends of inequality in premature mortality due to lung cancer between urban and rural areas amongst men and women. In 2010, a 10.7% increase in inequality of premature mortality between urban and rural areas was noted for men, compared to 1999, while for women there was a decrease by 6.1%.
Discussion
At the beginning of the 20 th century, lung cancers were very rare on the global scale. An increase in diagnosis of the disease was noted in 1930, and by the middle of the 90s it had already become a main cause of death among men. The number of cases peaked in 1960 amongst women (Alberg et al., 2003) .
In Poland, between 1963 and 1990, a dynamic growth of both the incidence and the mortality rate in both sexes was observed. The rate of growth of the lung cancer threat was assumed to be the highest in the world (La Vecchia et al., 2010; Szczuka et al., 2008; Zatoński et al., 1990a) . However, the last decades have been characterized by positive changes amongst men in the case of smoking, which have influenced decreasing trends in the incidences as well as mortality rates of lung cancers during the last 15 years or so (Bielska-Lasota et al., 2012; Wojciechowska et al., 2014 ). Yet 1/5 of cancer incidences and 1/3 of cancer deaths are still observed among men. Contrary to positive changes observed amongst men, recent years have shown an adverse trend concerning lung cancer in women. Increases in both number of deaths and mortality rates have been noted (Bielska-Lasota et al., 2012) .
In 2010, lung cancer in men was in first place in the structure of incidence and mortality due to cancers in all provinces. Concerning incidence, the Świętokrzyskie Province was in 9th place (21%), while for mortality it was in 2nd place (34%). In the female population, lung cancers were in 4th place in the incidence structure of cancers and accounted for 7%, which placed the Świętokrzyskie Province 14th among the provinces. In the structure of cancer mortality, lung cancers were the third leading cause of death in women and accounted for 12% of all cancer mortalities (Wojciechowska et al., 2012) .
On the global scale, a decrease in the incidence of lung cancers affecting men has been being observed since 1980 in the USA, Canada, Australia, and New Zealand. However, increases in incidence rates amongst women have been noted in the most developed regions of the world (Youlden et al., 2008 ). An analysis of trends of incidences in Europe during the years 1994-2006 demonstrated a decreasing trend amongst men, with the exception of Spain and France. The annual percentage change in individual countries amounted to: 3.4% in Finland, 1.0% in Denmark, 3.7% in the Netherlands, 2.2% in Germany, 1.3% in Austria, 3.0% in Italy, 2.0% in Slovenia, 2.4% in the Czech Republic, 1.9% in Lithuania and 3.7% in Poland. Amongst women, an opposite trend was registered (Karim-Kos et al., 2008) .
On a world-wide scale, increases in lung cancer mortality rates were observed in both sexes between 1980 and 2005 in China, Romania, Israel, and South Korea, while a decrease amongst men and increase amongst women was observed in Australia, France, Germany, Greece, Hungary, Ireland, Italy, the Netherlands, New Zealand, Spain, Sweden and Poland. Decreases in the mortality rates of both sexes were recorded in Hong Kong, Japan, Rus-The Use of the Health Disparities Calculator in Analysis of... sia, Singapore and Great Britain, and a decrease among men was recorded in Canada, Denmark and the USA (Youlden et al., 2008) . Similar trends among both sexes were observed in Europe in the years 1994 -2005 (KarimKos et al., 2008 La Vecchia et al., 2010) . In the years 2005-2010, male lung cancer mortality declined in Austria, Finland, the Netherlands, Switzerland, the UK, and Sweden as well as in most other northern and western European countries and in several central and eastern countries. Only in Portugal and Romania did lung cancer mortality increase during recent years of the period analyzed. Overall, lung cancer mortality in women increased in the years 2005-2010 in most European countries, the highest rises being in Hungary, France and Spain. In contrast, in the Netherlands, the UK and Sweden, female lung cancer mortality levelled off in the last few years of the period analyzed (Bosetti et al., 2013) .
Poland was one of the countries characterized by the slowest pace of decrease in male mortality rate and rapid growth of female mortality rate in northern Central Europe (Karim-Kos et al., 2008) .
Moreover, studies conducted in the years 2002-2011 in the Podkarpackie Province showed an increase in both incidence of and mortality due to lung cancer in women, while for men a declining trend was reported (Grądalska-Lampart et al., 2015) . In the Lodz Province in the years 1999-2001, mortality among men grew rapidly, and after 2001 a decrease in mortality at a rate of 2% per year was observed. For women, a disturbing growth trend at the rate of 3.7% per year was noted between 1999 (Pikala et al., 2013 .
The results of our research for the Świętokrzyskie Province in the years 1999-2010, both in urban as well as in rural areas amongst both sexes, by and large duplicate the standards of trends in the incidences and mortality rates introduced in the international arena.
In Poland, from the middle 60s until the end of the 80s, the premature mortality rate of men systematically grew; however, amongst women it kept a steady level. After 1991, it was noted that the trend of premature mortality amongst both sexes slowed and then decreased (Zatoński, 1996) . In spite of these changes, in the years 1995-2007, Poland was still characterized as having one of the highest levels of premature mortality within the European Union (EU), and the pace of positive changes concerning the PYLL rate was among the slowest in the EU countries (European Commission, DG Employment, Social Affairs and Equal Opportunities, 2010) . In the years 2002-2008, the Polish PYLL rate, because of lung cancers amongst men, reduced itself by 0.8% annually, whereas after 2008 a more robust fall of 3.2% annually was noted. However, in the period from 2002 until 2011, a negative trend appeared amongst women, where the average annual growth was at the level of 2.7% . The analysis of the premature mortality rate performed in the years 1999-2010 in the Świętokrzyskie Province showed that the PYLL rate decreased at an annual pace of 0.75% amongst men and grew amongst women. The average annual increment of the rate amounted to 6.2% (Góźdź et al., 2013) .
The results of our research confirmed that the changes observed for both sexes, in both the urban and rural areas included in the study, corresponded both with changes recorded at the national level and with those presented by Góźdź et al. (2013) in the Świętokrzyskie Province. The level of the burden of malignant lung tumours is also leading to significant geographic diversity, both within continents as well as individual countries.
In Poland, regional diversification of health conditions affecting the population has also been noticeable for years (Bielska-Lasota et al., 2012; Maniecka-Bryła et al., 2012) . In the case of cancers, it has been persistent for three decades (Wojciechowska et al., 2014) . One of the crucial elements that has influenced the existence of these differences is the degree of urbanization present in specific regions. In Poland, research concerning cancerthreat inequalities between urban and rural areas had already been initiated by the 1960s. A considerable portion of cancerous locations, including those where lung cancers were most prominent, demonstrated geographical organization from east to west, with lower mortality rates in the eastern part of the country and with the highest level of mortality in the west, demonstrating a higher level of urbanization (Zatoński et al., 1990b) . In the years 1970-1974, lung cancer appeared more often among residents of urban environments. The urban/rural ratio amongst men amounted to 1.56, while it amounted to 1.60 amongst women during that time period. The mortality rates for both sexes were also higher in urban than in rural areas (Staszewski, 1979) . Interestingly, while the results of our research also showed a higher lung cancer burden amongst women in urban areas, in rural areas a higher burden was observed amongst men. Between 1980-1986, the highest level of mortality amongst men in Poland was noted in the Opolskie Province (Szczygielski, 1990) . Currently, results of a few research efforts led in Poland as well as throughout the world are pointing at further sustaining differences between urban and rural districts when it comes to lung cancer risk (Maniecka-Bryła et al., 2012; Schouten et al., 1996; Smailyte et al., 2008) .
We could assume that elements of lifestyle and environmental factors, such as frequency of smoking and drinking alcohol, diet, sexual and reproductive behaviours, carcinogens present in one's place of employment, place of residence, or the natural environment, in which important differences are still maintained between residents of urban and rural areas, are the main causes for the particular geographical distribution of cancers. Lung cancer is a cancer for which, to a considerable degree, the threat posed by a particular territorial location depends on the appearance of its main risk factor -the spread in the prevalence of smoking (Główny Urząd Statystyczny, 2011; Zatoński et al., 1990b) . In the years 1950-1980, the sale of tobacco and tobacco products was higher in major urban environments than in their rural surroundings and in northern and western regions of the country, which had an impact on the territorial location of regions with the highest lung cancer burdens during this period (Didkowska et al., 1999 , World Health Organization, 2009 . Results of the PONS study (Polish-Norwegian Study of Chronic Diseases) showed significant behavioral differences concerning male smoking that were dependent on place of residence. On the other hand, slight but statistically significant differences were found between women living in urban and rural areas when it came to former smokers, never smokers and ever smokers. Females from urban areas tended to be ever smokers (47.5%) and former smokers more often (32.2%) than females from rural areas (41.0% and 25.8%, respectively). Moreover, women living in rural areas were statistically more often never smokers (59.0%) than those living in urban areas (52.5%), which would seem to confirm a higher burden of lung cancer in women in urban areas (Przewoźniak et al., 2011) . The results of the conducted analysis of the burden of lung cancers in the Świętokrzyskie Province show that they are still a relevant health, social and economic problem, with a diversified threat scale between urban and rural areas. This situation calls for intensified involvement of various institutions from the scope of health care, whose actions should be directed at the specificity of health needs in the scope of oncology both for residents of urban and rural surroundings, in order to equalize the inequalities appearing among them. Therefore, a systematic monitoring of the epidemiological situation of cancers based on Cancer Health Indicators (CHI) is essential (Micheli et al., 2003) . Such monitoring would allow for identification of actual needs of local environments, which would coincide with creating regional maps (Rozporządzenie Ministra Zdrowia z dnia 26 marca 2015 r. w sprawie zakresu treści map potrzeb zdrowotnych, 2015) of health needs, as tools increasing the effectiveness of managerial processes in the health care system and simultaneously enabling the evaluation and alteration of existing interventions.
Conclusions
The comparative analysis of the burden of lung cancers in the Święto-krzyskie Province showed great diversity between urban and rural environments. The incidence level, mortality rate, and premature mortality of men living in the rural environment was higher than in the urban areas. However, amongst women, the highest level of the discussed indicators was noted in the urban environment.
Amongst men, incidence, mortality rate, and premature mortality due to lung cancers dropped during the years included in this study, but in the rural surroundings the pace of the fall was slower than in the urban areas. Amongst women, a negative trend concerning all indicators of lung cancer burden appeared, of which the rate of growth was over twice as high in the rural areas as in the urban surroundings.
The presented epidemiological situation showed that we should still intensify action in the area of primary and secondary prevention of cancers.
The differentiation of lung cancer burden is largely dependent on exposure to risk factors associated with rapidly changing lifestyles of the inhabitants of the province, which are different in the urban and rural areas. Implementation of programs promoting healthy lifestyles, taking into account the specifics of rural and urban areas separately, could contribute to the reduction of adverse differences in the burden of lung cancer among the inhabitants of the Świętokrzyskie Province.
